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ABSTRACT

This report presents an analysis of the requirements for a

Fact Correlation System--a specialized information storage

and retrieval system oriented to the problem of correlating

facts for intelligence analysis. Two aspects of the problem

were analyzed: the equipment requirements necessary to

implement a highly automated system, and the processing

requirements necessary to transmute isolated items of infor-

mation into an integral whole. The report includes a broad

review and survey of existing processing techniques, prima-

rily in the fields of linguistic analysis and adaptive learn-

ing, and a survey of both existing and experimental data

processing equipment. This survey and analysis form the basis

for a research plan for developing the techniques and equip-

mecnt rouliod to correlate facts automatically. (8)
i

This iolume (if the report discusses the basic concept of

information retrieval; reviews the system requirements for

a Fact Correlation System, including the specific functions

of personnel, equipment, and programs together with their

interrelationships; and develops a generalized schedule and

plan for research, development, and implementation leading

to the installation of the system. The conclusion derived

from this study is that at least ten years will be needed to

develop a fully automated system, although less sophisticated

functions may be available within three years. The research

plan recommends a method of approach for developing the sys-
teim in a series of stages. (S)

SECRET
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I. INTRODUCTION

The purpose of this report is to present the results of an analysis

of the requirements for a Fact Correlation System--a specialized informa-

tion storage and retrieval system oriented to the specific problem of

correlating facts for intelligence analysis. Secondarily, the report

describes a general research plan for developing the techniques and equip-

ment for implementing such a system. (B)

Although specifically oriented to intelligence analysis, this study

considered the problem of fact correlation within a generalized framework.

The basic assumption underlying this study was that information is more

important than documents. It follows that it is the information about an

event or an item of knowledge from a set of documents that must be stored

and retrieved. This concept is equally applicable to a variety of prob-

lems in information flow and decision making as well as to the specific

problem of intelligence analysis. (U)

The elements of functional requirements were analyzed and are pre-

sented within the context of a system concept. This system was defined as:

An information system is imbedded within an environment of data or
intelligence information. The system consists of three operational
functions--personnel, equipment, and techniques (including computer
programming) together with the interactions among each function--
required to interpret, rationalize, and understand communications
from its environment.

The purpose of an information system is to extend the performance
and effectiveness of individuals, including intelligence analysts,
interacting within the frame of reference of the system.

The nature of this problem is such that a definitive solution cannot be

SECRET
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produced within a limited period of ti!; . The primary purpose of this

study, therefore, was to stipulate the research activity that would con-

tribute to the solution of the problem. (S)

This report emphasizes tmo areas, techniques and equipment. The

first step was to formulate a theoretical framework in order to establish

a systematic procedure for reviewing available techniques. The theory

pertains to the analysis of information presented in thp form of language.

Thus the fundamental techniques that were reviewed are linguistic trans-

formation and adaptive learning. This theoretical framework necessarily

biases and limits the review. Any critique of existing techniques or

concepts should only be considered within the context of this frame of

reference; this report is not intended to detract from viable research

conducted for a different purpose. (U)

The analysis of techniques and equipment in their present form leads

naturally to the formulation of requirements for additional research and

development to attain the objectives of fact correlation. This report sum-

marizes these requirements in a long-term applied research plan for extend-

ing the potential of information r-etrieval beyond the limited scope of

simple document retrieveol. The classical concentration upon special index-

ing terms, or such novel concepts as descriptors, has been drbpped in favor

of research into the interactions of groups of words or sentences. (U)

B. Scope

The analysis of the requirements for a Fact Correlation System are

clearly limited. This study covered research that has been performed and

S ECRr I



that should be performed within the context of the conceptual framework

of the system. This report does not purport to present substantive answers

or a formal solution to the problem of correlating facts. (U)

The results of this study consist of two elements:

(a) A Research Program Plan - a plan for specific research
ultimately leading to a Fact Correlation System. The
plan includes a procedure for conducting research, a
perspective of the interrelationship among tasks, an
overview of program scheduling and phasing, expected
results, and man-power requirements and qualifications.

(b) An Analysis of Technical Problems - the analysis of tech-
niques, equipments, and technical problems includes a
discussion of alternate approaches, the recommended
approach together with a rationale for this recommen-
dation, and a listing and discussion of basic tasks.

These elements of the study are reported in terms of what has been done,

what should be done, and why it should be done. The review of past

activity is critical; but the critique is bounded by the framework

established for the analytic study. The concept presented for a future

system is feasible; yet the conceptual system may be revised, and should

be, as research differentiate3 between the ideal and practical limits of

theory. (U)

C. Background

For nearly a decade the dual problems of linguistic analysis and

information retrieval have been the subject of intensive applied research.

The former was primarily oriented to the problem of machine translation;

the latter, to the retrieval of documents from a filing system or library.

The ultimate objective was to cope with the influx of scientific informa-

tion on a timely basis. Secondarily, the introduction of automated

-3-



techniques raised the hope of conserving human energy and time in performing

essentially clerical functions. Finally, the possibility of machine trans-

lation promised the additional benefit of rapidly exchanging scientific

information among scientists throughout the world. The military and intel-

ligence potential of these concepts was hardly sublimated. (U)

The analysis of information retrieval problems tended to be limited

to the library problem. Consequently, even the most sophisticated system

is limited to the elucidation of information about a document in response

to directed inquiries. Except for systems like the Minicard System, no

complete doeuments are retrieved; nor is information, in the proper sense

of the term, retrieved. The file system of iPdex cards has been automated;

Its new guize is sometimes more efficient, but not necessarily. In effect,

the term information retrieval is a misnomer. (U)

This study attempts to outline the requirements for processing textual

information--the contents of documents--to the maximum degree possible with

automated techniques. The analysis was directed to the definition of new

problem areas in advancing beyond current concepts and technology in infor-

mation storage and retrieval. Iii ,;ffect, the preliminary aspects of the

analysis were exploratory. In this respect this study is the antithesis

of reports by Drs. M. Taube and Y. Bar-Hillel. Both men have contributed

valuable ideas to the existing field of informdtion retrieval; there is

no need to denigrate their contribution. Yet their studies are laced with

a sharp skepticism and unwarranted pessimism. There is no question that

a theory remains untenable until it is formulated on a scientific basis.



But the squashing of ideas at their inception has limited and restricted

the introduction of new concepts to the field of information retrieval. (U)

The principal new approach in this report is to combine the fields

of linguistic analysis and adaptive learning with the field of information

retrieval. The combination is not necessarily unique; the application

may be, especially in conjunction with adaptive learning or a self-

organizing system. The fundamental tenet of this analysis is that any

question of information can only be resolved on a linguistic basis. The

past distinction between research in these two problem areas has been

unnatural, since they are interdependent. Nor is it sufficient to presume

that linguistic problems exist only in the field of mechanical translation;

only recently has it been demonstrated--by Dr. V, Yngve, for example--

that a lim- ted knowledge of linguistic phenomena presently confounds suc-

cessful machine translation. (U)

Information retrieval has not been totally divorced from linguistic

analysis. But the principal effort in linguistics applied to information

retrieval has been concentrated upon manual or automatic forms of index-

ing and abstracting. This emphasds has been forced by the concept of

retrieving information about a document rather than the information itself.

The correlation of facts, in contrast, will attempt to isolate the informa-

tion within a document, store the information, combine explicit and implicit

relationships, eliminate redundancy, and, finally, to retrieve specific

information upon demand. To perform these operations implies linguistic

as well a8 inferential processes. Furthermore, the linguistic question



implies a semantic capability. Indexing and abstracting as currently

defined are no longer pertinent. (U)

In summary, this analysis of fact correlation is exploratory. The

purpose of the study was to revicw linguistic and learning problems in the

area of techniques; to review equipment problems in a tentative scheme

for implementing these techniques. The functions of indexing and abstract-

ing were sublimated (but not completely ignored). The study explored rules

and principles for use in computer programs. The ultimate objective of the

study was to develop a research methodology and plan to convert the con-

cepts into an operational system for correlating facts. (U)

D. Organization of Report

This report consists of two volumes. The first contains a general

analysis and description of requirements. The second describes available

and exploratory techniques and equipment; it also anticipates specific

problem areas. (U)

This volume of the report presentc the Applied Research Plan. The

volume includes a discussion of basic concepts of information retrieval; a

review of system requirements for a Fact Cbrrelat~icn System; and a general

plan and schedule for research, development, and implementation leading

to the installation of an operational system for correlating facts. (U)

Volume 2 consists of a detailed analysis of techniques and equipment

that are discussed generally in this volume. The functions of linguistic

transformation and adaptive learning are described, and existing research

-6-



is reviewed in terms of its ability to meet these functions. Programming

requirements are cursorily reviewed; the major problems in thi3 area can

only be discerned after the nature of the programming tasks have been

stipulated as a result of research in linguistics and learning. The review

of equipment functions and capabilities evolves into a recommended system

configuration. Design principles and exploratory research have also been

reviewed to indicate areas of research activity that could be directed to

the improvement of particular equipment functions. (U)

-7-



II. BASIC OONOEPTS

A. Foundations of Information Retrieval

The concept of information retrieval was originally limited to a

single problem; specifically, the documentation problem. As the body

of recorded information became more extensive and diversified, classical

methods of indexing were outmoded. This situation is particularly appar-

ent in the realm of science, where recent discoveries distort the time-

honored but fixed molds for classifying subjects. Searching for informa-

tion related to one of these new fields of knowledge became a burgeoning

problem as the number of fields and the amount of documentation taxed the

limits of conventional indexing and classification schemes. It is not

accidental that the nature of this problem was first recognized by com-

mercial research laboratories. (U)

One of the paramount problems in the literature search is to

ascertain that all the information pertaining to a subject is found. The

ancillary issue of gathering too much information is a selective function;

as it pertains to manual systems, the problem is essentially one of dis-

crimination. But the problem of retrieval tends to be fixed by the type

of system used to classify information. The information must be within

the domain of the system; a particular item of information does not

exist so long as it remains outside the bounds of the system. Once

obtained, however, the information must be uniquely classified as an

entity and as an integral part of all similar information. If the clas-

sification of one item of information differs from the classification of a

similar item, it may be impossible to relate the two. So long as this

-9-



condition exists, all information pertaining to a particular subject cannot

be retrieved. The diversity of information compounds this problem. (U)

The original research in information retrieval was thus focused upon

the question of searching for the source of information. The crux of the

problem appeared to be the indexing or classification systems used to

indentify all pertinent documents. The salient problem was resolved. The

outstanding contribution of this research was the creation of open systems

of classification or indexing; a set of boundaries established a priori

could no longer restrict the range of references to pertinent information.

Yet a major difficulty persisted: an open classification system implies

that all terms are independent, even for other citations of the same term,

except for the exclusive set of terms for a single document. (U)

The value of this recent research is often unnecessarily castigated.

It is easy to denigrate these new techniques, but usually for the wrong

reason. Most of the concepts have been formulated since World War II. At

first their application was oriented to manual systems such as card indexes

or sophisticated systems such as Termatrex. But almost simultaneously

there was a concerted effort to automate the process of literature search-

ing. Since conventional systems were too inflexible ox obviously unwork-

able, the new manual conuepts were transmuted into either mechanical or

electronic schemes of automation. Critics immediately recognized defi-

ciencies. But these deficiencies arise from organizational errors, not

conceptual errors. The Uniterm concept is still a pragmatically useful

idea for a manual system; in sr, h a system discrimination is a function

of a human being. >f' the concept falls short of expectations in an

-10-



automated system, the fault lies in the application of automation, In

reality, a new concept was necessary when storage and retrieval was

assigned to machines, since discrimination has become a function of the

automatic processes. (U)

The influx of automated processes introduced a secondary dimension

to information retrieval. The conventional concept was satisfied with

an adequate description of information to indicate its location. No

information per se was retrieved--the nature of the function is evident

in the term "literature searching." It was sufficient for an indexing

system to identify the storage place of a document. (The cogent question

of information was irrelevant!) In the design of an automated system,

however, an immediate issue became the storage of indexing data, the

essential function of file cards. Mechanical systems based upon punched

cards were especially concerned with this problem because of the lim- ted

amount of storage space on a card. The name of the function correspond-

ingly expanded to information storage and retrieval. (U)

The term information retrieval has now bccome generic. Some of the

most trivial computer processes are referenced as information retrieval

processes. In essence, the name implies that data are stored and retrieved

by a fixed set of computer instructions. The difficulty is to establish

precise limits for a range of different problems, each with an increasing

degree of complexity, described by the label of information retrieval.

The effect of the generalization of the term is to vitiate its meaning;

indiscriminate use dissembles between the original concept applied to

the field of documentation and the generic concept applied to any automated

-11-



procedure for storing and retrieving data. (U)

Even in its broadest sense, however, information retrieval is a

misnomer. An automated retrieval system is generally defined as: A sys-

tem for structuring the information in a collection of documents so as

to facilitate the storage and retrieval of information. The difficulty

with this definition is that no information, at least in any formal sense

of the word, is either stored or retrieved. The focus remains upon clas-

sification schemes, and it is classification data that are stored and

retrieved. The actual information stays in the collection of documents

(except in systems such as Minicard), and the retrieved data simply acts

as a pointer to the actual location of the document and its information. (U)

The objective of a Fact Correlation System is to retrieve informa-

tion. This objective requires a more rigorous definition than the current

concepts of information retrieval, which generally limit the problem to

the retrieval of information about a document rather than the information

within a document. In one sense, therefore, the system may be defined

as a technique to store documents and to retrieve documents or specific

information within the documents automatically. In another sense, the

system may be defined as a technique to analyze information within docu-

ments, to isolate unique information and eliminate redundant information,

to correlate the unique information with the existing corpus, and to

structure the information so as to facilitate the retrieval of either

explicit or implicit information in response to a specific request. This

definition still lacks rigor; the concept of information is unclarified.

The important point is that the information about an event or thing from

-12-



a set of documents is the primary factor to be considered. (U)

The conceptual framework of this study is the second definition.

It is concerned with actual storage and retrieval of information. (U)

B. Analysis of Present Ooncepts

There has been a considerable amount of research expended upon the

problem of information retrieval, particularly as it pertains to documen-

tPtion. The amount of literature--speculative, theoretical, and practical--

is extensive. This discussion presents a cursory review of the concepts

of information retrieval. (U)

The problem in information retrieval, whether the subject area is

such routine documentation as personnel files or the special requirements

of intelligence analysis, is a function of the large volume of available

information pertaining to any subject field. Since the advent of the

digital computer, it has been hoped that the machine's power to perform

logical and computational service rapidly and unerringly could be har-

nessed to the information retrieval task. (U)

For routine documentation searching, the task has always been

essentially nlerical. A librarian can be useful in retrieving informa-

tion, given an effective cataloging and indexing scheme, without under-

standing the contents of the documents being searched, Thus, for the

retrieval of documents originally preparod with an orientation to the

user's requirements, it is possible to substitute a computer without

sophisticated, semantic or inferential capabilities to pcrform many of

the librarian's functions. At this point the question of effectiveness

is not germane. (U)

-13-



Present system~s of information retrieval are based upon an indexing

syslem in which a document is described by a list of key words or

descriptors. (The term, descriptor, is one of many similar concepts;

it is used in a general sense In this discussion.) The list of descriptors

for a single document is unique, although a particular descriptor may be

applicable to many other documents. The document itself is identified

by a unique number that serves to locate the document in its storage

place. There are two ways in which information about documents may be

retrieved--by using the look-up principle or the search principle. The

name of the principle may vary among systems. There is no third principle;

at best, a sophisticated technique may combine the two basic principles. (U)

In a look-up system document numbers are listed under descriptor

headings. Information is selected or retrieved by referring to the

record for each descriptor stated in the query and comparing these descrip-

tor records for matching document numbers. A document is selected if it

has been indexed under each of the descriptors in the query. A new docu-

ment is added to the file by placing its number on each appropriate

descriptor record. The descriptor records must be stored in known loca-

tions within the file and the document numbers must be arranged in numer-

ical sequence on the descriptor records, (0)

In a search system, descriptors are listed under document number

headings. Information is retrieved by scanning the entire file (or major

blocks of the file). Descriptors of the query are compared against the

descriptors on each document record scanned. When a document record

matches each of the descriptors in the query, the document is selected.

-1h-



A new document is added simply by adding a single docui.-A t record to the

file. Records may be searched in any sequence, and the files need not

be arranged in numerical sequence. The search technique is more efficient

if descriptors are listed alphabetically on the document record. (U)

Each of these inwthods has its advantages and disadvantages, and the

choice of a method depends upon the intended application. For example,

greater retrieval speed ma be a determining factor for selecting the

look-up system; however, if the files require frequent updating and

additions, the search system is the better choice. (U)

A siziple information retrieval system has three distinct stages:

(a) Input--the indexing procedure.

(b) Storage--the medium used to store the index record and
the methods used to create the record.

(c) Output--the answers to the information retrieval questions.

All or any part of these stages may be processed on a computer. The

amount of manual processing involved is inversely proportional to the

efficient and accuracy of the system. The storage and output stages are

handled fairly well by the present information retrieval systems for

simple document retrieval problems insofar as they are completely automated.

The input stage still relies heavily upon manual processes in preparing

data, keypunching, and verifying. These stages and the fundamental prin-

ciples of their application are comparable for manual, mechanical, and

electronic system. (U)

This review is really not so cursory. Despite the number of
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different retrieval systems and the extensive literature describing

them, the differences are in degree rather than in kind. The processes

are essentially the same; only the techniques, the application of prin-

ciples, differ. (U)

In essence, there are four factors that govern the design of an

information retrieval system. Although most of these factors have been

discussed generally, briefly stated they are:

(a) Terms.

(b) Structure.

(c) Interrogation.

(d) Evaluation.

There are a number of designations for terms; descriptor is only one.

The difference in terms are minor. Their impact is primarily oriented to

classification schemes, but processing techniques may be complicated by

the requirements inposed by the definition or the magnitude of the term. (U)

Structure refers to the way information is stored; it is charac-

terized by the look-up and search methods. Both are a little more than

ordered lists. Interrogation techniques are based upon Boolean functions,

"although these techniques have also been described in set theory and

symbolic logic. The methods of interrogation are eqaally applicable to

manual and automated systems. Manual systems allow many Boolean functions

to be performed at the discretion of the user. But most automated sys-

tems that have been actually implemented are limited in their interroga-

tion tQ and functidns. (U)
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Evaluation functions are an orphan. Several systems have been

thoroughly tested and evaluated, usually unfavorably. But no known sys-

tem includes self-evaluation procedures. (U)

Information retrieval appears to be characterized by only a few

basic factors. If this hypothesis is valid, it is also apparent that

none of the factors has been probed extensively. Nor have the inter-

relationships among the factors been fully analyzed and exploited. The

extension of information retrieval in any sense depends upon the devel-

opment of significant new concepts within the framework of these factors. (U)

C. Conceptual Basis of Fact Correlation

Information is conveyed by a variety of methods in human societies.

But the mosit significant method is the medium of words, the symbols that

express the thoughts of individual human beings. Facts are a form of

information. They occur in diverse contexts, often becoming significant

only after a series of facts have been correlated. But the essential

feature is that the exchange of information depends upon a set of

processes performed upon the set of words that convey the information.

These processes are performed by both the sender and the receiver of

information. (U)

Words and facts, which are generally an ordered set of word, are

conveyed through language. A language can be learned; so can the infor-

mation expressed by the language. Thus, there are two rudimentary prob-

lems associated with the correlation of facts--language and learning. (U)

Neither the language analysis nor the learning theory necessary
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for a man-machine system has been sufficiently studied and formalized.

It is, however, possible to conceive of a man-machine system in which

an automata is organized to analyze language to derive the information

from a set of statements and to perform learning functions to correlate

the information. The degree of sophistication attained by the automata

depends upon its interactions with man and its environment. (U)

Between the statement of the concept and its formulation, there

is a significant gap. Initial research indicates that it may be feasible.

The remainder of this report discusses the problems implied within the

conceptual framework and tne degree of research necessary to achieve the

objective of developing a Fact Correlation System. (U)
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tA. Obteetives of messtem t isUsis

The objective of system analysis is to ensure an integrated approach

to the design and development of a system that will satisfy U. S. Air

Force requirements for the correlation of facts, such as those encountered

in intelligence data; at the same time, such a system must be a highly

effective and efficient operational system. To fulfill this objective

requires the following types of activities:

(a) Determination of user requirements.

(b) Determination of system requirements. (The formulation
of (a) and (b) together constitute the system concept.)

(c) Determination of system characteristics, capabilities, and
constraints.

(d) Development of a functional description of the system and
the interactions among equipment, computer programs, and
personnel.

(e) A statement of design and development requirements.

(f) Development of the relationship between system tasks in
order to monitor the design work to ensure fulfillment
of uier requirements within the framework of an effective
operational. system.

(g) Coordination and supervision of the development of hardware
specifications, computer programs, and system utilization
procedures to ensure system operational effectiveness. (U)

System analysis provides the framework for research and development

efforts in the several tasks or functional areas that comprise the system.

- Adopting and maintaining the system viewpoint permits the development of

over-all system requirements and their implementation without considering

the details that are necessarily encountered by the individual researcher

in performing his task. Maintaining a system viewpoint of over-all

-19-



F!

requirements will ensure a properly integrated set of system functions or

tasks, constituting an effective operational system. (U)

The system analysis task also serves as a means of technical project

control and system management of the research and development effort. One

of the most important aspects of the coordination of the research and

development is the proper long-range planning and phasing of tasks. This

function promotes the development and tiraely completion of intermediate

products or subsystems that have immediate applicability and can be utilized

without awaiting development of other portions of the ultimate system. As

these intermediate products are completed, it may be possible to combine

them without undue extra effort, so that the system can be construed as a

sequence of building blocks, each providing significant added capability

as it is completed and incorporated in the system. The other method of

improving capability by further developments and refinements within the

building blocks can also be utilized wherever it is fruitful. (U)

The remainder of Part III discusses the activities required to fulfill

the objectives of system analysis and presents a purview of the system as

envisioned at this stage of analysis. (U)

B. Methodolog for System Analysis and Design

This section briefly discusses the methodology to be used in fulfill-

ing the objectives of system analysis. A general methodology for the sys-

tems analysis task has been outlined in the statement of objectives. A

more detailed picture of the methodology to be used in system planning and

analysis and in project and task control is illustrated in Figure 3-1. The
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work is divided into six phases of activity. The over-all methodology

emphasizes system analysis and design as distnct from the methods to be

used in performing the tasks within each phase. The latter methodology

is a product of the professional skills and background of the individual

personnel who contribute their knowledge to the analysis, design, and

development of this system. (U)

The development of a satisfactory operational Fact Correlation

System depends upon the first phase, the development of a suitable system

concept. Unless the system objectives, user requirements, and derived

system requirements are correctly formulated and effectively stated, fur-

ther development of the system will be severely hindered. A workable

system could perhaps be developed, but it would not do the job that the

Air Force expects. Coordination with the proper commands or agencies and

their personnel is essential, if not vital, for this phase of system

activities. (U)

Once the system concept has been formulated and stated, the means

of implementing it must be sought. This activity involves the analysis

of existing techniques and equipment and the creation and development of

new techniques and equipment concepts. Various continuing studies have

indicated generally that existing equipment for performing the functions

likely to be necessary for a Fact Correlation System is adequate, except

possibly for input-output devices. Conversely, existing techniques for

language analysis and synthesis, adaptive learning, and fact correlation

are inadequate. Consequently, the creation and formulation of new

techniques constitute the primary research problem in developing an
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effective Fact Correlation System. (U)

An important aspect of this research is to recognize and delineate

the numerous, diverse, and complex tasks that will be performed by such a

system. First, the major system tasks or functions are delineated. This

step is followed by finer subdivisions of system functions into subtasks

until some reasonably basic atomic level is reached. This functional

analysis provides a sense of direction to individual research efforts and

aids in ensuring consideration of all features necessary for an operational

Fact Correlation System. System analysis fulfills its integration function

by viewing the tasks as closed entities or "black boxes" and confines

itself to specifying inputs and outputs for each task as well as defining

the interrelationships and feedback requirements among all tasxs. If the

task breakdown is effective and input-output and feedback requirements are

met for all tasks in the system, then the operational performance of the

system is assured by the system analyst without consideration of the

details of design within tasks. (U)

A comparison of current research with the functions and tasks

required by an adequate Fact Correlation System, even at a relatively

general level, reveals a lack of awareness of some of the problems

involved. An awareness of the nature and scope of some problems I s either

nonexistent or vague, and the necessary research in these areas has just

begun or has only been outlined in a general way. What is urgently

required to improve this situation is to redefine the problem of data

correlation and retrieval in terms sufficiently broad to include all the

levels of language analysis that are necessary and to stress the adaptive
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and dywaic aspects of the system. (U)

From the analysis of existing techniques, their further development

and modification, and the creation of new techniques for language analysis

and adaptive fact correlation comes the formulation and definition of the

system characteristics. The system characteristics are functional descrip-

tions that distinguish system capabilities and limitations and constitute

a system performance specification. The delineation of the system charac-

teristics includes the allocation of tasks among personnel, computer pro-

grams, and equipment. (U)

In the design requirements phase, detailed specifications are

developed for operational equipment requirements, computer program require-

ments (operational and executive), and human action requirements. There

are two types of specifications. The first set is performance specifica-

tions, which contain the design requirements (or what the system must do

in terms of equipment, programs, and human action requirements) at the

most detailed level. The second set is design specifications, which

specify the detailed procedures for meeting the performance specifications

ir terms of equipment design specifications, program design specifications,

and detailed operational procedures. (U)

The final phase in the development of an operational system is to

implement the detailed specifications by developing operational and

executive computer programs, a personnel orientation plan, system utiliza-

tion guides (which contain effective methods and procedures for system

operation and system evaluation), and the procurement of necessary new

equipment. (U)
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-C. Assumptionst Environmental Constraintsi and Limitations

To provide a framework for the continuing research and development

Sefforts of system designers, a set of environmental and system assmunptions

must be formulated and stated. (U)

The system assumptions and environmental constraints cannot be

completely specified until a thorough analy~sis of the user requirements

has been completed. Assumptions and constraints may also be modified by

the results of research and development efforts which alter potential

system capabilities. (U)

The following assumptions have been formulated as a basis for the

system and task analyses of this report:

(a) High level or complex interpretation of either raw or
correlated data will not be a computer function, but a
human function.

(b) Inputs of the Fact Correlation System will be limited to
English text and numerical data. Recognition and inter-
pretation of pictorial and graphic data such as aerial
photographs and maps will not be a system requirement,
except insofar as these data are inserted in linguistic
or numerical form.

(c) Each instance of entry into the system of input information
concerning a given topic or area will be limited to
approximately 2000 words of English text. There will be
no constraint, however, on the number of sequential.
instances of entry from either one or several documents.

(d) A primary system requirement will be continual man-machine
interaction for purposes of validation, clarification,
interrogation, file searching, and adaptive learning by
both men and machines.

(e) The essence of this system involves the retention, correla-
"tion, and retrieval of factual data on the basis of
related context and meaning, rather than any documentary
or literary source relationship.
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(f) The system will not begin operation with a large corpus of
background information and fixed operating, processing,
search, and correlation techniques. The memory structure,
search, and correlation techniques of the computer will
be adaptive and the evolving corpus of correlated informa-
tion will be dynamic. That is, the system capabilities
will be developed principally through the process of
adaptive learning applied to a growing corpus of facts. (U)

The first assumption reflects the fact that an extensive knowledge

of diverse aspects of the human situation in the world is necessary for

the proper evaluation and high-level interpretation of intelligence data.

This condition is particularly evident when political, economic, and

psychological factors pertaining to a situation are considered. Ti addi-

tion, a large amount of expert knowledge in specialized fields is required.

Only the human mind can satisfactorily perform such interpretations at

present. The objective of an automated Fact Correlation Sytem is primarily

to extend the effectiveness and scope of the efforts of human analysts. It

is worthwhile to emphasize, however, that the automated system may be capa-

ble of quite sophisticated correlations as distinct from interpretations.

It is also anticipated that the degree of knowledge or expertness of the

system in fields related to the inputs it receives will constantly increase.

However, the sophistication of its knowledge and associating and relating

structure cannot approach that of human beings. (U)

The second assumption means that the system will not be provided with

the capability to recognize map structures or other geometrical patterns or

configurations. It will, however, be able to process and correlate infor-

mation that is contained in the relationships among symbols. The importance

of photographic interpretation is fully recognized. It is also recognized
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that a computer may be used to interpret photographs. The assumption was

not made because of a failure to realize either of these facts, but because

this capability is considered to be beyond the scope of this reporL. (U)

The third assumption establishes a tentative limit on the number of

input sentences from a given document on a given general subject that the

system will analyze and incorporate into its internal corpus in a single

computer run. Any number of these entries can be made sequentially with

interruptions for processing. (U)

The fourth assumption is an assertion that a dynamic system, which

is capable of adaptive learning and of answering more or less unrestricted

queries, must rely on interaction with human beings to assure effective

performance. (U)

The fifth assumption emphasizes that the system will be designed to

correlate and retrieve the related content of statements. It will not be

concerned with the selection of related documents, titles, or abstracts as

in conventional systems for the library-type retrieval of indexed informa-

tion. The "information" that is correlated and retrieved must be measured

in pragmatic terms; namely, its value or utility to the user. The infor-

mation conveyed by the system must be defined in terms of the increased

knowledge and effectiveness gained by the user. The term "information"

is not used in the sense of C. E. Shannon;(l) that is, in terms of

statistical rarity of messages. (U)

(1)Shannon, C. E., and Weaver, W., Mathematical Theory of Communication.
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The last assumption states that the system will not be given a "1

voluminous body of initial information of the type that a human expert in
II

some activity might have at his disposal. However, the system will be

influenced in its mode of development by the particular data that it

receives as input. (U)

D. User Requirements

The first task in the design and development of a system for the

correlation of factual data is a comprehensive analysis of present and

projected user requirements.(2) User is a generic term meaning, in this

instance, those personnel who ultimately receive and use system outputs.

It does not mean an operator who enters inputs and actually "runs" the

system. Of course, a system user can also function as a system operator.

Such an analysis is called an operational analysis and results in the

development of operational requirements. As distinct from this type of

analysis, system analysis is concerned with the development of system

requirements, which are general statements concerning ways to fulfill the

operational requirements. (U)

An effective investigation of user requirements may entail an opera-

tional analysis of the anticipated application (e.g., the process of analy-

sis of intelligence data). The ultimate scope of this operational analysis

will be determined by the extent to which the present techniques for

intelligence data analysis and correlation are applicable or adaptable to

(2)See also: Herner, Saul, The Relationship of Information-Use Studies

and the Design of Information Storage and Retrieval Systems.
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_ -an automated Fact Correlation System. Although an automated system should

be designed to complement the user, such a system should not be constrained

by the simple adaptation of existing manual procedures, which are possibly

outmoded or inadequate. (U)

A serious problem of information retrieval faces any potential user

of facts and data that are located in some unknown portion of published

corpus. The inadequacy of the traditional methods of information retrieval,

based upon the retrieval of documents rather than their factual content, is

well known. For routine documentation searches, the task has always been

essentially clerical. A human librarian can be useful in the retrieval of

information, given an effective cataloging and indexing scheme, without

understanding the contents of the documents being searched. Thus, for the

retrieval of documents originally prepared with an orientation to the user's

requirements, it may be possible to substitute a computer without sophisti-

cated language analysis or inferential capability to perform many of the

librarian's functions. (U)

The intelligence analyst, on the other hand, cannot conceivably

perform his function of gleaning unemphasized, possibly implicit, informa-

tion from documents without completely comprehending their contents. In

order to provide information (as opposed to documentation) in response to

an intelligence request, a computer system must, therefore, have a high

order of semantic and inferential sophistication. Since the purpose of an

intelligence system is to extend the performance and effectiveness of

individual human analysts, such a system must be the goal of this project. (U)
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The scope of information retrieval can be considered as a spectrum

of retrieval problems, as shown in Figure 3-2. If the specific problem

or subject field occurs at the low end of the spectrum (left side), the

present information retrieval systems are adequate. Problems of the

library retrieval type have been successfully handled by data processing

systems, although there is still much room for improvement in developing

more efficient retrieval systems with greater storage capacities. As the

problem area or subject field approaches the high end of the spectrum

(right side), the inadequacy of the state-of-the-art in information

retrieval and the need for research into new techniques becomes more

apparent. An information retrieval system capable of deriving, correlat-

ing, and retrieving explicit and implicit factual relationships is envi-

sioned as the ultimate goal for the Fact Correlation System. The require-

ments of the user are the primary consideration in determining what type

of information retrieval system is needed: the more he recedes from the

high end of the spectrum in establishing his requirements, the less

sophisticated the system needed. (U)

One difficulty in an intelligence analysis system comprised of human

beings is that of communication. Because of the structure of a human

organization and the limitations of human nature, it is quite probable that

an intelligence expert will receive only a limited amount of data, judged

by someone to be appropriate to his field of competence and his special

assignment in intelligence work. One of the advantages of an automated

intelligence system is that any human analyst associated directly or even

indirectly with the system will have immediate access to all inputu entuoe•
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in the system (subject to security restraints). This fact alone will

facilitate the human analyst's task considerably. (U)

Fundamental to the development of such a system is the interaction

between man and computer. The operational analysis in this project will

involve an intensive study of the nature, form, and volume of data to be

handled by the system. Particular attention should be paid to the nature

of user requests for information, to the logic of questioning, and to the

human guidance that can be provided to the computer. A retrieval system

with relatively few elements in the initial corpus will contribute to the

development of a specialized data base for the user. A query translator,

which is sufficiently sophisticated to minimize linguistic constraints on

the structure or format of queries or interrogations, will simplify the

process of interaction. The major tasks in the development of user

requirements are:

(a) To analyze present procedures, concepts, and theories
related to the analysis and. correlation of factual data.

(b) To ascertain and evaluate the applicability, adaptability,
and status of these procedures and concepts.

(c) To select those concepts and theories, as well as practical
solutions, that contribute to the unified development of
an automated Fact Correlation System.

(d) To establish new procedures specifically adapted to an
automated Fact Correlation System.

(e) To establish guidelines for continuing research into
projected user requirements. (U)

E. System Cbncept

The ultimate objective of this program is to develop automatic tech-

niques for the processing or textual data; tne processing 11nction includes
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___.• both the storage and the retrieval of information. This objective requires

the development of a new conceptual basis for the retrieval of information,

a basis that circumscribes the limitations of the current state-of-the-art

in information retrieval. (U)

The basic frame of reference of this study is the function of

intelligence analysis. An expert in intelligence has a goal--to discern

the implications of random sets of information in order to discover their

essential characteristics. Once the information has been correlated, the

analyst derives conclusions about capabilities, situations, purposes, and

intentions. In performing these functions, the analyst uses a special

methodology. (U)

Since an ancillary purpose of this program is to facilitate the

development of a generalized system for correlating facts, it should be

adapted to the stringent requirements of analyzing intelligence data. A

system capable of correlating facts under the conditions that apply to

intelligence data, namely random and sometimes confusing and contradictory

data on diverse subjects from diverse sources, will have the capabilit - of

correlating facts from a more orderly environment. Nevertheless, the

development of a particular system will be affected strongly by the appli-

cation for which it is used. Therefore, criteria for correlations should

be developed by man-machine interactions in terms of the particular input

data and system environment. (8)

A basic tenet of this report is that the "documents" that comprise

the corpus of data will be quite numerous. Each documenL will •u,,,..ai a

SECRET
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high density of information about a particular set of events or

circumstances. -The information in each document must be correlated with

information that has been collected and stored within the memory or files

of a computer. However, the utility of data has a certain decay rate as

a function of time in storage. The system must provide some measure of

the utility of information as a function of frequency of use. This measure

will be useful in saving computer storage space by eliminating obsolete or

inapplicable data. (U)

These assumptions presuppose that the relevant information is not

known a priori, an implication that the correlation of facts within the

corpus of data is a dynamic operation. Establishing a link between new

bits of informE.tion and the corpus will be difficult unless the system

allows a computer to request further information whenever a gap in infor-

mation occurs. Therefore, the process should also be capable of interro-

gating a human analyst whenever specific data is required to facilitate

the process of assimilation. (U)

Once information has been stored in the form of basic symbolic

representations--that is, words--subsequent recognition of similar symbols

is a routine operation. The treatment of phrases is more difficult, but

as soon as definite patterns have been established, some groups of words

could be recognized as definite phrases. The recognition of sentences is

another problem entirely, since the probability is low that even the same

bits of information are generally expressed in exactly the same sentence

form. It is highly likely, therefore, that the recognition of sentences

will defer to the recognition of similar thoughts expressed in different
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ways. These thoughts must then be equated by storing them in a single

unique form. (U)

The explicit form of any sentence is usually unique. The relation-

ships implied by an explicit statement depend upo.. the assimilation of an

ever widening set of relationships. The scope of this problem is broad;

its solution depends more upon the application of techniques of learning

and automata theory than upon the familiar concepts of information

retrieval. It is in the area of correlating explicit and implicit mean-

ings that the key aspects of the problem lie. (U)

These concepts indicate that an adaptive or self-organizing system

should be developed in order to correlate new information to the corpus of

data. The process of correlation or assimilation corresponds directly to

a rudimentary ability to learn the information. In short, learning is the

crux of adaptation. These requirements do not imply that a self-organizing

system must be able to solve problems; the primary criteria for correlat-

ing facts is the ability to isolate new items of information and to assimi-

late them into the corpus. The corpus may then be modified on the basis

of significant new information. An orderly process of learning again

suggests that interaction with a human analyst will enable the information

system to assimilate its information more readily. (U)

The basic system concept is illustrated in Figure 3-3. Although

detailed equipment and techniques required to implement it will be dis-

cussed later, a general purview of the system concept follows. (U)

The ultimate concern in designing a system is the effect upon the
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user, the personnel who submit information to the system or request

information from the corpus. If the user is an analyst familiar with the

development and general contents of the system, then some restraints may

be placed upon this user. However, if the user is generally unfamiliar

with either the contents of the system or with its operations, then the

type and number of restraints should be reduced to a minimum. (U)

As a user of the system, the analyst's task will include selecting

information to be entered into the system, acting as the agent to inter-

pret questions in the system, and requesting information from the files.

When the analyst acts as the "teacher" of the system, responding to ques-

tions pertaining to the correlation of facts, then the questions posed to

the analyst should be framed so that the intent of the question is clear.

These considerations indicate the following factors:

(a) That the system print out the ambiguous information in
its original form.

(b) That the system ask a particular question about the
information.

(c) That the reasons for the questions be listed.

(d) That the possible interpretations on the basis of past
information be listed.

With , "is data, the analyst should be able to recognize the problem of

correlation confronting the system and to respond with an acceptable

interpretation. Insofar as possible, the responses from the analyst

should conform to one of the possible interpretations reached by the

system. If this response is impossible, then a new interpretation must

be clearly stated by the analyst. (U)
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The selection of information is a function of the particular

application of the system. Since information is gathered from various

sources and in various forms, it may be necessary to transcribe the infor-

mation into a more manageable format. Optimally, the raw information

should require no human intervention after it has been collected. At

present, processing functions such as editing and keypunching constitute

both a bottleneck and an expense. If these functions can be reduced or

eliminated, the efficiency of the system will be enhanced. The obvious

solution is a reading device that can directly convert textual data into

digital form. (U)

Once the data is entered into the computer, a series of preprocess-

ing functions should validate the input data. This function includes such

basic tests as spelling, typographical omissions, inadequate character

recognition, and punctuation. On a higher level, questions of morphology

and word order should be incorporated. Whenever discrepancies arise and

self-correcting programs fail, the system should request correct informa-

tion from an analyst. (U)

Mechanical errors can be resolved by a preprocessing stage. Once

information enters the correlation stage, which includes a series of

processes performed sequentially, the feedback loop is no longer concerned

with mechanical errors. At this time, the learning processes should

interrogate an analyst to eliminate apparent ambiguities that have arisen

during the analytic process. For purposes of later fact retrieval, multi-

ple renderings of ambiguous texts could rapidly lead to an unacceptably

large number of logical branchings in analyzing the explicit and implicit
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information content of intelligence data. To the extent that automatic

ambiguity reduction is lacking, it is necessary to include provisions for

interaction between human analysts and the computer--in order to aid the

computer in reducing the ambiguity that remains in humanly generated texts

after automatic ambiguity reduction techniques have been applied. (U)

The qualification for the necessity of human intervention in an

"automatic" fact correlation process is not a rejection of the basic

premise that study directed to such a goal is meaningful. Current research

on techniques of automatic semantic ambiguity reduction represents a sub-

stantial advance over what is possible with purely lexical and syntactic

methods.(3) The human element is included in the basic system concept

because it is currently inconceivable that perfect ambiguity resolution

can be preprogrammed on the basis of a priori understanding of human

linguistic behavior. (U)

A second type of feedback loop consists of a verification process.

When the corpus is small, this process plays an important role in assess-

ing the correlated data. As the corpus becomes larger, the role of the

verification function will be reduced as the learning process establishes

more correlations between various bits of data. (U)

The processor is, of course, the heart of the system. It is the

vehicle for structuring memory, performing adaptive learning, incorporat-

ing new data, correlating facts, and retrieving data in response to human

(3)This approach is more fully described in Sonmers, F. T., Semantic
Structures and the Automatic Clarification of Linguistic Ambiguity.
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interrogations. Usually ary consideration of computer operations emphasizes

the speed of modern computers. The primary emphasis in this program will

be to determine the most efficient computer speed as a function of system

requirements. Under normal conditions, it is possible to assume that

information will be received by the system at a steady but slow rate and

that queries will occur randomly in time. If the executive function of

the computer programs can interrupt normal information processing to respond

to a request, it appears that the high computer speeds are not an essential

prerequisite. (U)

Another factor to be considered in the system is storage capacity.

This consideration is a function of the amount of detailed information that

will be retained in the corpus with the passage of time. System capability

will, of course, be affected by the types of storage devices used. The

capability will be determined by L, ';:,re-c.:f b,!'ween cost and speed as

reflected in access time. A more important factor ib the efficient use of

storage. Efficiency can be achieved by the development of structural data

classification schemes that include the important factor of frequency of

use of the data. This frequency factor would 'e modified continually by

the system as a function of use over a period of time. A large class of

statements provides significant, useful ir.formation only when specific

dates, times, and geographical locations are known for events described by

the data. This condition is significant in the case of intelligence

information, (U)

The .. ten..gcncr...r performs the 1!rn.1Sp n.nthesis necessar- to

convert information retrieved from storage by the processor to meaningful,
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factual statements in natural language. This statement formation function

is the converse of the language analysis function performed by the pre-

processor. The sentence generator will ensure that output statements are

characterized by the same types of validity as the pre-processor checks in

its analysis. (U)

A final consideration is output equipment. The essential requirements

are primarily related to legibility and efficiency. Printer speed is not a

serious problem since most of the system output will be relatively short.

The output device completes the linking of the system to its environment.

The human analysts perform the function of reviewing, interpreting, and

evaluating system responses, preparatory to the input of additional data

or further queries into the system. (U)

F. Equipment Functions

The Fact Correlation System will be comprised of human analysts,

computer programs, and equipment. Human beings are the most flexible and

intelligent of these components, while equipment is the least flexible and

intelligent. Conversely, equipment performance is the most reliable and

most "automatic," while human performance is generally the least reliable

or accurate. One of the major assumptions in this approach to the design

of the system is that the "intelligence" of the computer programs, with

human interaction, can be increased substantially. However, equipment

flexibility remains highly restricted. Increases in its flexibility

beyond a certain point are obtained only at high costs in money, develop-

menL .....ae mr-bU , nprabilitv. and reliability. These factors

determine, in a general way, the allocation of tasks among equipment,
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programs, and human beings. (U)

Before discussing the specific equipment functions, it is pertinent

to mention that the genef'al flexibility and utility of the system can be

extended by the use of remote input-output sites. For various reasons,

the basic processor, control, and storage equipment require a central

facility. However, remote input-output equipment such as request panels

for computer interrogations and small display panels for recording system

responses could be located in the offices or work areas of the human

analysts. This configuration would facilitate immediate man-machine

interactions such as interrogations, higher-level error checking, and

evaluation of system responses. Advances in input-output equipment may

make such a system configuration more economical in the next few years. (U)

The system functions that are relegated primarily to equipment are

noted in Figure 3-3. The first equipment component required is an input

device. One of the principal problems in existing data processing systems

is the relatively inefficient speed of input-output devices. This problem

is further aggravated by the input re.,uirements for linguistic information.

Present methods for data input result in serious losses in time and money.

The efficiency of a Fact Correlation System will be enhanced by the incor-

poration of an automatic reading device that converts printed text into

digital form. (U)

The next major equipment functions are performed by the processor

and the storage. The critical elements of this system in the processing

and storage areas are associated with techniques rather than hardware.
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S•: ~The processing speeds of existing electronic data processing systems are F

S• -• quite adequate to handle the volume of data anticipated. Ultimate storage -

requirements will be determined by the scope and magnitude of the data to

S~be included in the system. Together with the relatively large size

Santicipated for the computer programs, storage requirements may be large;

S~but this amount of capacity is not expected to be a major problem. The

S~state-of-the-art of processing and storage equipment is sufficiently in

advance of language analysis, learning, and programming techniques that a

radical advance in the capability of this equipment will not be critical

at least until break-throughs in techniques have been achieved. (U)

The last equipment function in -the system is that performed by the

output devices that transform digital data inputs from the sentence

generator into sentences in natural language. This process will not

involve a high-volume or high-speed operation. Nevertheless, in common

with the input device, advancements in the equipment state-of-the-art may

be necessary to perform this function adequately. (U)

The equipment in the system is the carrier of data and the means of

implementing the system intelligence in an operational sense. It is also

the memory of the system. It is clear that the automatic operation and

capability of the hardware internal to the system presents no problem.

The critical equipment functions are those involving man-machine interac-

tions. Considerable effort must be devoted to the study and resolution of

the automatic input of data. Even more important is the assuranuce of hav-

ing suitable equipment available for the rapid input of Jauman queries and

interrogations, which must reach the control element of the computer
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quickly in order to elicit relatively prompt responses. The equipment

must also have the capability to accept and route isolated and relatively

short additions to its corpus. These additions will rectify or clarify 'I

ambiguities or gaps in system knowledge that prevent further system

operation or growth at any particular time. (U)

G. Program Functions

The system concept in Figure 3-3 shows indirectly the computer

program functions. Those parts of the system labeled with a technique

symbol represent tasks requiring the development of analytical techniques

that will be converted into computer program functions. The entry of

inputs into the system by the human operator is both a personnel function

and a program function. The program function here is not complicated.

It requires only that the appropriate rules be followed for entering data

on punched cards or magnetic tape. If, as is more likely in this system,

an automatic text reader is used as an input device, then there is vir-

tually no program function. The appropriate rules for entering data are a

human function constrained primarily by the capability of the text reader

to recognize certain standard typewritten or printed symbols. (U)

On the other hand, the interrogation of the computer by the human

analyst is a major program function. Questions will have to be analyzed

linguistically and understood by the computer so that the appropriate

associated classes and items of information can be retrieved and meaning-

ful responses generated. The more versatile these programs are, the fewer

will be the format and form restraints on human queries. If the question

analysis and retrieval programs lack generality and versatility, then the
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restraints on the human interrogator will be greater and will force a more

rigid and restricted form on human queries. (U)

The validity testing of inputs is a program function. It will test

for random mechanical human errors in input preparation as well as machine

reading errors. In addition, it must check for errors in spelling, gram-

mar, sense, and logical consistency. It must incorporate automatic proce-

dures for communicating the exact nature of the input errors to the human

environment for corrective purposes. (U)

The pre-processor is primarily concerned with the linguistic analy-

sis of inputs from spelling to grammar to sense significance to logical

consistency. These tasks are entirely a program function. In addition,

computer programs must extract, retain, and store the factual content of

the inputs. (U)

The processor is another major program function. It must 'be capable

of intelligent behavior, in the sense of adaptive learning, storage, and

response. It must be capable of accepting converted symbolic facts from

the pre-processor and incorporating them into a general stored fact struc-

ture representing the state of knowledge of the computer. This function

requires a dynamic, adaptive capability to discriminate, associate, relate,

and generalize. (U)

Procedures for searching for and retrieving information from storage

are program functions. This function is vital for the intelligent response

to human queries. The processor together wIL tec for co.. .÷uter

memorization of symbolic data and relationships, and techniques for the
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appropriate selection, association, and retrieval of data for responding

to specific queries is the heart of the computer program functions and the

entire system. (U)

Ultimately, learning depends upon the ability to organize and to

memorize information. An efficient memory structure improves the recall

and juxtaposition of information in order to verify past experience or

extrapolate new associations. This fact emphasizes the need for an

adequate memory structure. (U)

Computer programming has placed a major emphasis on the organization

of data. However, most of this work is based upon a different set of

requirements from those of fact correlatio.. For example, an alphabetical

list of words can be scanned rapidly to locate a particular word, and

large groups of data can be numbered so that the data can be indirectly

referenced. But these examples indicate the limits of such structures,

which are their failure to allow for interrelations among separate items

in memory. (U)

Criteria for memory structure should be established such that the

selection of one word automatically excludes any unrelated words and

includes all related words. Programming techniques alone will not satisfy

these conditions unless an adequate theory is devised for structuring

memory. (U)

The next computer function is the sentence generator, which consists

of mechanical programmed proutuuu fot"r ;uiLYCeZthIi iilai.hizie -eapozisee to

valid English sentences. This function is an inverse of the pre-processor.
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_• It is a set of synthesis rules (whereas the pre-processor is an analysis

function) for constructing of valid English summary sentences. From the

retrieved data for the response, it must construct summary sentences that

contain correctly spelled English words, and that are syntactically valid,

sensible, free of logical contradictions, and factually correct according

to the present state of knowledge of the computer. (U)

The review, analysis, and utilization of the output is partit.'ly a

program function. Computer programs must be developed to proviw,. the

human analyst with tools to understand and evaluate system responses and

growth, so that its performance can be monitored and evaluated on a con-

tinual basis. This function requires a certain set of analysis, diagnos-

tic, and sampling or other evaluative routines to assist human' efforts in

system evaluation. (U)

H. Personnel Functions

The primary rcle of the human being in a Fact Correlation System is

to provide an effective link between the system and its environment and to

improve system capability and performance. The principal functions are:

(a) To select and prepare input data.

(b) To :equest specific information from the computer.

(c) To interpret and respond to computer queries.

(d) To use and evaluate system outputs. (U)

The selection of input data for the Fact Correlation System is a

hbumm -taski. M^c c---o-m^ eity of. thin task depends upon user requirements

and the form of data associated with a particular system application. It
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has been assumed that additions to the factual corpus will be confined

to 2000 or fever English words in one entry. At times this limitation may

require abstracting and summarizing from larger documents. This type of

activity must fulfill at least two requirements:

(a) It must not be so slow that it degrades system operations.

(b) Abstracts must not omit any essential facts.

The abstracting could be performed by human analysts or by the pre-processor

of the computer. Abstracting on a large scale by human beings would proba-

bly not satisfy either of these requirements. On the other hand, it is a

major problem for the computer to fulfill the second requirement. Never-

theless, the only feasible scheme for a Fact Correlation System is fact

summarization by the computer. Hence, the limitation on the size of entry

should be regarded as a somewhat arbitrary but convenient unit for system

processing. This restriction is partially determined by the requirement

for interrupting processing to respond to interrogations entered by an

analyst. (U)

The manual preparation of input data is undoubtedly a bottleneck in

the operational capability of the system. However, if an automatic text

reader is part of the system, data can be entered in the form of ordinary

typewritten copy. It is intended that the restrictions on the format of

input sentences be minimal. This objective can only be achieved i.' the

language analysis programs are of sufficient power and versatility to

handle complicated sentences. (U)

kiu tiAer kcy rolb of z-yetern Personnel 19 tn interrngais tlp computer

and to respond to computer queries. The first of these roles compriscs
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the ultimate rationale of the system. The second assures validity and

effective system growth and operational capability. The objective for the

human analysts is the capability to enter unrestricted queries into the

system. This objective does not imply that the system will have the capa-

bility to answer satisfactorily any and. all human questions immediately.

Interrogation and communication is a two-way process. The first essential

is that the computer be able to interpret unrestricted interrogations to

some degree. If the computer is unable immediately to understand the human

request for information, in the sense that it can retrieve the relevant

information and respond with reasonable effectiveness, it will interrogate

the human in order to:

(a) Request that the classes of relevant data be defined with
greater precision.

(b) Improve its data search techniques.

(c) Obtain criteria for plausibility with respect to inferen-
tial processes.

(d) Inquire about the validity of relationships it has formed.

Another type of computer query occurs when linguistic validity or unresolved

ambiguity is in question. A human being must assist in the resolution of

such problems. (U)

The last man-machine interaction is concerned with the human utiliza-

tion and evaluation of system outputs. This interrelationship is the final

feedback loop for influencing future inputs in order to improve the com-

r,,÷.r'n state of knowledge and otherwise upgrade system performance. The

human analysts will be provi•d wi~t Le iqucx for refin-_- thei-r interro-

gations and for requesting processes that will lead to the operation of
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computer programs that assist in an evaluation of system performance.

These programs will present the results of a computer "self-analysis" that

summarize its state of knowledge and its present mode of operations. Of

course, the human being, by virtue of his superior judgment and knowledge

of "content" and environment, will be the ultimate system evaluator. (U)

The system utilization guides must contain operational procedures

for system evaluation by the analysts. The development of such procedures

is contingent upon the establishment of complete user requirements and

system requirements that fulfill them to the greatest possible extent.

Only then can expected system performance (quantitative and qualitative)

be established. Once it is known what is expected of the developed opera-

tional system, performance criteria will be provided and measures of sys-

tem performance will be developed. (U)

I. System Characteristics and Requirements

This section conveys preliminary views concerning anticipated charac-

teristics and requirements for an effective operational Fact Correlation

System. (U)

The correlation of information to extract the essence of meaning in

both explicit and implicit relationships hgz two distinct aspects. The

first is the problem of man-'nihine communication. The second is the

development of at least a rudimentary machine intelligence. With current

processing techniques, these two aspects of the over-all problem constitute

a dilemma. Man could develop more intelligent machines if he could com-

municate with them better; he could communicate with them better if they
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Communications are conducted through the medium of language; the

essence of the communications problems is to extract the significant items

of information from a formal language. Generally, despite the amount of

work that has been done, the existing work on language analysis remains

insufficient to form a basis for computer processing. Thus, this broad

area constitutes one of the principal tasks in developing techniques for

correlating facts within a body of information. (U)

The problem of machine intelligence is primarily a problem of

adaptive learning. Current techniques in learning related to computer

processing are primarily limited to problem solving. These techniques are

insufficient for the general problem of fact correlation. Thus, this

general area is the second major task necessary for the resolution of

techniques for correlating information. (U)

Within the framework of man-machine communications and adaptive

learning, a number of system characteristics have been envisioned. Six

of these were given as assumptions and constraints. Other characteristics

and capabilities are given below. H and M indicate human and machine

tasks, respectively.

(a) select input inrormation. (IT)

(b) Format inputs, if necessary. (H or M)

(c) Interpret and respond to machine questions. (H)

(d) Interrogate machine by requesting specific (H)
information.

(e) Interpret and evaluate machine responses. (H)
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(f) Convert English text to digital form. (H and M, or
M only)

(g) Validate inputs in terms of spelling, (H and M)
character recognition, punctuation, syn-
tax, sense, and logical consistency.

(h) When inputs are invalidated, specify nature (M)

of error and request new valid inputs.

(i) Recognize, manipulate, and retain:

ý 1 Syntax relations
2 Sense relations

(3) Logical relations (M)
(4) Factual relations (M)

(j) Organize and memorize factual content of (M)
input statements. Store in a symbolic
structured form that will permit effec-
tive correlation, retrieval, and summary
statement formation.

(k) Recognize and associate similar content (H and M)
and thoughts, as well as similar symbols
(identify relationships at phrase and
sentence level).

(1) Correlate new information with the exist- (M)
rng corpus (internal to the system) in

a dynamic adaptive manner.

Wm) Reduce redundancy from machine-stored (M)
information as corpus grows.

(n) Select or reject content associations (M)
based upon criteria from a model of
probable relevant correlations, depend-
ing upon the intended application of the
system.

(o) Logically derive explicit factual relations (M)
from input statements.

(p) Derive implicit relations from input
statements by analytical correlation
methods:

(1) Discover existence of correlations (M)
(formal correlation).
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(2) Discover nature of correlations (M)
(causal correlation).

(q) Associate and retrieve all correlated data (H and M)
in response to a stated request for
specific information.

(r) Convert correlated data to su'nmary state- (M)
ments in syntactically, sensibly, logi-
cally, and factually correct sentences
of natural language in response to a
request for specific information
(statement formation).

(a) Request additional information, verifica- (H and M)
tion, or clarification from human analyst
to assist in performing correlations.

(t) Exercise executive control. over its actions (M)
to perform related and sequential tasks
efficiently and to respond to interroga-
tions. (U)

J. Evaluation Tests

Evaluation tests for the Fact Correlation System will be performed

after the system has been essentially debugged; i.e., after the equipment

has satisfactorily performed acceptance and interconnection tests and the

programs written for the computer are operational. (U)

The evaluation of the system will be based upon its performance with

respect to handling English language input, correlating the information

contained in the input with any information already contained in memory,

and responding to questions by using both the explicit and implicit infor-

mation in its corpus. In terms of the flow chart in Figure 3-4, the test

would evaluate the progzams on the left together with the error routine as

applied to these programs. The performance of the remainder of the system

woujLcL i ustrate only that 6 tt 0 U =-.L. . " . .... a f .ct ... h
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V--_ have been established prior to the evaluation of system performance. (U)

The performance of the system will be tested by the results:

(a) The analysis of English sentences to determine the
semaritic structure of English.

(b) The synthesis of mea-Ungful sentences in English.

(c) The logical structuring of information.

(d) The drawing of inferences about implicit information
from a given set of explicit information.

The analysis of the English produced by the system can be compared with

the analysis produced by human beings in applying the semantic theory to

ordinary English. The criterion of validity will be that the sentences

are acceptable, both syntactically and semantically, to a representative

sample of users of the language. (U)

Assume that the computer has received information prior to this test.

A dump of the memory will show what information the computer has already

received and the structure it has attained. The following sample input

(two paragraphs, describing the state of Wisconsin, taken from the Golden

Book Encyclopedia, Number 16) is representative of information that may be

used to evaluate system performance. Once the computer has analyzed and

WISCONSIN

This great lakes state is neither a large nor a crowded
one. Wisconsin is the "Dairyland of America," but farming
is not the only important work there. Fewer people live on
farms than in cities. Wisconsin is a leading manufacturing
state. It is also a much-enjoyed vacation land. Glaciers
tore down the mountains of 25 million years ago. They left
behind them a land of ridges, low rolling hills, valleys,
and beautiful lakes.

Dairying is a good branch of farming in Wisconsin,
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where summers are not long and hot and much of the land is
rolling or hilly. Most Wisconsin dairy farmers use many
mechanical helpers to get big milk production. Milk is
sent to city people or to dairy plants to be made into
cheese, butter, and condensed or powdered milk.

stored the information according to the rules contained in the various

programs for language transformation, memory structuring, adaptive

learning, and correlation, an interrogator may ask a number of questions

pertaining to these paragraphs. The computer will generate responses to

the questions and may request additional information from the interrogator

if necessary. (Of course, any question outside the frame of reference of

the information received by the system will elicit either no response or

a request for additional information.) (U)

A set of questions and anticipated replies based upon the sample

paragraphs could be framed as follows:

Question 1: - What state is known as the "Dairyland of America"?

Response 1: - Wisconsin is the "Dairyland of America."

Question 2: - Why is dairying a chief industry of Wisconsin?

Response 2: - What means 'chief industry'?

Statement 3: - Chief industry same as important work.

Response 3: - Farming is important work. Dairying is a good
branch of farming in Wisconsin, because
summers are not long and hot and much of the
land is rolling or hilly.

Question 4: - What are some dairy products?

!!CrC.-x 4 W~V~-A- A--...- ý1

are dairy products.
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If A:
In Question 1 the interrogator asks a straightforward question. The

answer illustrates the computer' s ability to store and retrieve information

properly. Response 1 is a proper reply. (U)

In Question 2 the interrogator uses the term 'chief industry.'

Response 2 indicates that the computer has no knowledge of the meaning of

'chief industry.' Therefore, the interrogator must define 'chief industry'

in terms the computer understands. In Statement 3, the human response to

Response 2, 'chief industry' is equated to 'important work.' The computer

is then able to reply in Response 3 after several correlations of data.

First it finds that "... farming is not the only important work...," which

it analyzes to obtain "farming is important work" since the only restricts

the negation sense of not. This fact, however, does not answer the ques-

tion that pertains to dairying. Further correlation and analysis show

"Dairying is a good branch of farming...," which indicates a relation

between dairying and farming. The remainder of the sentence about dairy-

ing gives a reason for that type of farming in Wisconsin; namely,

"... summers are not long and hot and much of the land is rolling or hilly."

This statement answers the question, "Why?" and the computer is now able

to respond to the original question. (U)

In order to answer Question 4, the system must correlate dairy

products with things made from milk. The next to last sentence in

Paragraph 2 states that "...dairy farmers...get big milk production."

Product is the root word of production, hence milk products are the

croducts of dairy farmers. The last sentence lists some of the things

produced from milk--hence, some milk products. These things are selected
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to answer the question "What are some dairy products?" and the answer is

shown in Response 4. (U)

This type of input and questioning would illustrate whether or not

the system is successfully transforming the input, structuring the memory,

correlating the proper items, and. generating meaningful sentences. The

adaptive learning process is carried on as the computer receives more

information to analyze. A question may provide useful information. For

example, to test whether the computer has learned the meaning of chief

industry, the following statement and question could be presented to the

system:

Statement: - In Florida raising citrus fruit is important work.

Question: - What is a chief industry of Florida?

T'he computer should be able to respond with the following statement:

Response: - Raising citrus fruit is a chief industry of Florida. (U)

The error routine may be tested to prove its Qperational capability

in detecting errors in input data and reporting them\-to an analyst or

interrogator. For example, if the first sample question had read "What

states is the Dairyland of America?" an error should have been indicated.

The question seems to be requesting a plural answer for states, although

the singular verb is is used with a singular descriptive name Dairyland of

America. The error routine should ask for a verification as follows:

Response: - Is more than one state the Dairyland of America?

This test also demonstrates the ability of the program to recognize

violations of syntax. (U)
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Another example could be used to illustrate the ability of the

Sprogram to recognize logical consistency. If the statement, "Wisconsin I

is one of the largest and most populated of the 50 states," were given to

the computer as new information, the system should recognize a contradic-

tion and indicate it as follows:

Conflict: - Wisconsin is neither large nor crowded.

- Wisconsin is one of the largest and most populated
of the 50 states.

- Which statement is correct?

However, if the computer were given the information that "Trenton is the

capitol of Wisconsin," it would not be able to recognize whether the state-

ment is true or false. The system would accept the statement as true

unless it contradicted some previously received information. (U)

Many tests will be needed in order to obtain a general measure of

system effectiveness. The design of these tests is an important function

of system analysis. By studying the way in which the computer correlates

certain information, it may be possible to determine methods of improving

these techniques. If improper correlations are made or if the language

transformation program is inadequate, these programs will have to be

revised. A well conceived test program may not only evaluate the perform-

ance of the system, but also provide clues for improving processing

operations. (U)

K. summary

Part III presents a concept for developing a Fact Correlation

System. The essence or tn3s concept is thmL w 6C't CU-1-1- v-1L
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System can be developed only by maintaining the system vievpoint

consistently. This method entails adequate definitions of user require-

ments and system objectives. From these definitions system tasks are

defined and the means of implementing them discovered and developed. The

crucial aspects of this procedure are twofold:

(a) Consider any task within the appropriate frame of reference
as it relates to other tasks, the entire system, and the
system objectives.

(b) Consider at all times the three basic elements of the sys-
tem; equipment, computer program, and personnel. This
consideration emphasizes the parallel development of the
capabilities of each element with constant attention to
improved performance that may be obtained by taking full
advantage of the coinl,_--,,ýaenting effect of the interaction
among these elements and the unique capabilities of each. (U)

Most attempts to solve the kind of problems encountered in developing

a Fact Correlation System contrast with this concept. Existing research

tends to take some of the elements of such a systeni as given or else to

ignore them entirely. This methodology has resulted in isolated, seemingly

unrelated results and piecemeal solutions that fail to solve satisfactorily

the complex problems involved. This situation can be remedied by conduct-

ing research and development within the scope of a unified, integrated

system approach. (U)
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A. Research Objectives

The research objectives for a Fact Correlation System have been

specified implicitly in other parts of this report. They are given

specifically in terms of system capabilities at the end of Part III.

Operational capabilities will be presented in Section C. There is no

research involved directly in the system analysis, the establishment of

system utilization procedures or system test and evaluation. Some research

in computer programming may be required. If so, it will probably be in

the area of methods of storing, comparing and relating data, in efficient

indexing and manipulating of indices, and in integrating and selecting

combinabions of programs to perform various tasks. The major areas of

research are equipment. requirements and linguistic-learning correlation

techniques that will be converted into computer programs. (U)

The objective in equipment research is to develop performance spec-

ifications for equipment that will be effective in processing linguistic

data and will permit the optimal operation of the necessary computer pro-

grams, including responses to human queries, when operating as a system.

Consequently, interaction between equipment components is stressed as an

area of analysis. (U)

The objectives of research in techniques are: to develop practical

machine learning techniques, data structuring techniques, and linguistic

analysis and synthesis techniques; and to apply these techniques to the

correlation and retrieval of internally stored factual information in

order to respond to a wide variety of human interrogations entered into
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the system in natural language. These techniques must be developed to

the point where they can be converted into computer programs for the

processor of the system. (U)'

B. General Research Concepts

There are three basic approaches to the design of systems. These

approaches are:

(a) The sequential subsystem design approach.

(b) The initial-ultimate (evolutionary) operational
capability approach.

(c) The combination of these two approaches. (U)

The first approach is usually adopted for the design of systems

whose requirements and modifications are well known and where the design

methodology for equipment and techniques is well established. The approach

consists of the design and construction of subsystems or devices that per-

form subfunctions on a relativAly independent or sequential basis. This

method is a traditional engineering design procedure, and it is most effec-

tive for a system that represents a relatively modest advancement in the

state-of-the-art of a well-established technology. For example, this

approach is used in designing and manufacturing automobiles, electronic

household appliances, and typewriters. This method can be used only when

the operation of the subsystems is relatively independent, or when their

interrelationships are well defined a priori and modifications to the sys-

tem design will be neither frequent nor extensive. (U)

The second approach is most often used for systems that involve

entirely new operational concepts and where extensive research may be
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required to establish functioral interrelationships within the system.

This approach consists of establishing an initial operational capability

and an ultimate operational capability. The design of the entire system

is then governed by the objecti--es of the relatively rudimentary require-

ments for initial operational capability. Research into new techniques to

provide more sophisticated system capability takes place concurrently with

the development of the initial system. 'When initial operational capability

has been achieved, the entire system is modified and upgraded to a more

sophisticated capability level in accordance with the latest developments

in techniques and equipment. This process is then repeated until a per-

formance level consistent with the ultimate system objectives is achieved.

This evolutionary method has been used in the development of some complex

weapons systems and command-control systems. (U)

A third approach to system design and development consists of the

combina'ton of the sevuential and evolutl nnar, methods. This approach is

ideal for attaining maximum system capability in the shortest time. This

goal can only be accomplished, however, if system development is effectively

managed and implemented. The management of this type of research and

development effort is more difficult and complex than either of the first

two methods. (U)

An effective automated Fact Correlation System involves entirely new

data processing concepts and man-machine interactions and will represent

a major advance in the state-of-the-art of information storagej correlation,

and retrieval. Since the development of such a system requires considera-

ble research (as discussed elsewhere in this report), and since system
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functions and their interactions are not completely known at this time,

the first approach to system design cannot be effectively applied. Even

if it could be, other disadvantages preclude its use. For example, one

of the requirements for the Fact Correlation System is to develop or imple-

ment intermediate operational products that perform some system functions

independently of other system functions. The first design approach does

result in the development of such intermediate subsystems. However, it

requires approximately 10 to 25 percent additional effort to convert these

subsystems into independent operational entity. In addition, insofar as

the subsystems are not independent, when the design of two or more of

them has been completed, considerable effort may be required to modify

their design so that they can function as an integral part of a larger

subsystem. Another difficulty in applying this method to a research con-

tract is that short-term progress is usually quite difficult to measure

and monitor, (8)

In contrast to the sequential approach, the evolutionary design

approach produces intermediate products that are complete operational

systems. These intermediate systems will have considerably less capa-

bility than the system produced by the sequential approach. However, the

capability of the ultimate system developed by the evolutionary approach

will at least equal and probably exceed that of the system developed by

the first method. The evolutionary approach also permits gradual invest-

ment, appropriately phased training of personnel, and the introduction

of new procedures. This method should be adopted as the primary approach

to develop an automated system for correlating factual information. (U)

SECRET
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In the development of a Fact Oorrelation System the third method

Smay be used to the extent that it is ,praotibal andJ, feasib:LAý. Tkbese=on•i

ditions are determined by the degree to which the system funotions and

tasks can be detailed and their dependence or independence established.

Then appropriate analytical techniques may be employed in phasing and

scheduling the system development effort. The research and development

effort will be described by complex relationships among series and parallel

tasks that complicate attempts to simplify planning procedures. (U)

In performing research and development for a Fact Correlation Sys-

tem, there is no assurance of completing a given task by a certain time;

There is only a likelihood. To ignore this uncertainty is to reduce the

realism of arc program planning. Since uncertainty is a characteristic

of this type of research, it is desirable to forecast areas of uncertainty

in advance, if effective anticipatory action is to be planned. An impor-

tant technique that aids in anticipating difficulties and allocating

resources for optimal effort is the so-called "critical path" method of

project scheduling, which is discussed in detail in the next sectinrn. (U)

C. Research Schedule

The development of a useful research schedule requires a reasonably

comprehensive knowledge of system functions and tasks and their inter-

relationships. The major elements of the development job for the Fact

Correlation System are shown in Figure 4-1. Five major areas of effort

are shown in the left margin. Each of these areas is subdivided into the

tasks shown in the figure. The abscissa represents calendar time from

project starr• to system duilv--ry. Thl .L..... o tVh. U..O Uk indicates in

-65-



Ic
Ux

0

30P

rL9

-66-

U.'.u



*

general the approximate phasing and relative time required to complete

each task. The location of the blocks indicates the sequential relation-

ship among tasks in each area. The tasks in this figure are the major

elements of the development job for the Fact Correlation System. These

tasks must be accomplished regardless of the system design method that is

adopted. Since this figure is only intended to be schematic, the relation-

ships among tasks within the five different areas are not shown. If there

were no such relationships, this figure would be a general outline of the

sequential approach. A more precise relationship between system tasks is

illustrated in Figure 4-3. (U)

Figure 4-2 is an outline of the second method of approach. It shows

five levels of system capability beginning with an initial operational

capability A and ending with the ultimate capability E. It should be

emphasized that each of the letters A through E represents an operational

Fact Correlation System. An increase in the capability of the elements

of each system is indicated by a change in the Roman numerals, which may

be interpreted as model numbers. The increasing length of the vertical

bars shows the relative improvement in system capability from one model

to the next. The general capability for the initial and ultimate systems

can be specified now. The capability of intermediate system models, how-

ever, is extremely difficult to specify because such capability depends

upon the research problems encountered in each task and the success and

complexity of the particular techniques developed to solve them. The

projected goals for the initial and ultimate operational capability of

an automated Fact Correlation System are given below:
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1. Initial Operational CapabiliyL

F (a) Inputs will be restricted to simple English sentences;
that is, sentences consisting of a single clause.

(b) The syntax analyzer will be capable of' phrase and sentence
recognitioL and analysis.

(o) The sense8 analyzer wilJl check the validity of input sen-
tences and construct in computer memory the sense struc-
ture of the simple sentences of~ the language from the
inputs received.

(d) A dictionary consisting of key, operational, and structure
words of the language will be constructed in computer
memory.

(e) A rudimentary data structuring system, which permits con-
venient correlation and retrieval of information, will
be developed within the computer.

(f) The computer will accept human interrogations in the form
of formatted simple questions; that is, questions con-
sisting of a single claube.

(g) The computer will perform primitive adaptive learning
operations to correlate structured data,

(h) The computer will generate and print simple sentence
responses to human interrogations. (U)

2. Ultimate Operational Capability

(A) The system will accept unrestricted English sentences as
input.

(b) The system will analyze syntax of input sentences to what-
ever degree necessary to perform any other system functions.

(c) The system will analyze all input sentences for sense valid-
ity and construct the sense structure of the language from
the input sentences received.

(d) The system will check all input sentences for logical
consistency.

(e) The system will interrogate human analysts with questions
in natural language.

(f) The system will accept unformatted human interrogat~ions.
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(g) The system will organize and memorize the factual content
of input statements. The statements will be stored in
a symbolic structured form that will permit sophisti-
cated correlation and retrieval of summary statement
information.

(h) The system will correlate new information with the exist-
in g corpus in a dynamic adaptive manner.

(i) The system will reduce redundancy from machine-stored
information on the basis of relative frequency of use
with time.

(J) The system will logically derive explicit factual relations
from input statements.

(k) The system will derive implicit factual relations from
input statements by analytical and statistical methods.

(1) The system will associate and retrieve all correlated
data in response to a human request for specific
information.

i) -'The +tm .. 1. rAl ond to human interrogation by printing
natural language sentences containing summary information.

(n) The system will request additional information, verifica-
tion, or clarification from the human analyst to assist
it in performing correlations. (U)

The method of scheduling these project activities will now be

discussed in some detail. It is important to state at the outset that

the following discussion and analysis is primarily illustrative. The use

of the following techniques for realistic project scheduling requires a

much more detailed breakdown of relationship among system development tasks,

a detailed study of manpouer requirements and allocation, and the introduc-

tion of cost factors as a function of development time. It will also

require frequent updating of time estimates and the scheduling network.

Nevertheless, a few important conclusions can be drawn from the relatively

crude analysis that follows. (U)
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'7Although several specific scheduling programs of the type to be

cdiscusscd have been developed, the general descriptive name of critical

path scheduling will be used in this report. The foundation of critical

path scheduling is to establish the flow chart or network of project mile-

stones arn check points that must be attained if the over-all program is

to be completed. A network for a Fact Correlation System with ultimate

operational capability is shown in Figure 4-3. Project activities or

tasks are indicated by arrows. For a given activity (represented by an

arrow emanating from a circle) to begin, the tasks represented by all the

arrows terminating at that circle must have been completed. When the

milestone network has been completed, time estimates for accomplishing

tasks are superimposed upon it. (U)

In order to use statistical techniques concerning the likelihood of

completion by a given time, three time estimates are made for each task.

These subjectively determined estimates are: an optimistic time, a

pessimistic time, and a most likely time. Although the estimates are sub-

jective, they should be made by personnel highly experienced in each task

area. These times are then combined into a single weighted average time

for each activity. Some estimates for the network in Figure 4-3 are shown

in Table 4-1. These times may be interpreted as absolute or relative times

with certain limitations. The critical path is then defined as the longest

path through the network in terms of the sum of the weighted average times

Sfor each distinct path. Each activity on the critical path is a critical

activity. An activity is critical if a slippage in its completion time

will . .. I- a -1i- -ma.' in the system delivery date. Slack time for a
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F_ given task is defined as the difference between the latest time it may be

completed without, affecting the system delivery date, and the time it is

expected to be completed. Expected time of completion for a given task is

the sum of the weighted average times of all tasks that must be completed

before the given task can begin plus the weighted average time required to

complete the given task itself. For non-critical activities the slack time

can then be determined. (U)

Critical activities and non-critical activities with their slack

times are shown in Table h-2. By definition, critical activities have

zero slack time. Examination of the critical activities shows that in

the early part of the system development effort the formulation and devel-

opment of adaptive and inductive machine tec-hnquca arc critcl in the

middle period system integration is critical. In the _•fl.Lti a .-

puter programming implementation and &hccXuot, and system. 6.6 .. d evalua-

tion are critical. These conditions accord with experience in the devel-

opment of other man-machine systems. Examination of the non-critical

activities verifies the intuitive judgment that the development of equip-

ment is not critical for a Fact Correlation System. The early phases of

system analysis and the development of system utilization procedures are

not critical either. The fact that the language transformation tasks are

not critical probably reflects the current situation; namely, that more

is known (and more research performed) about the machine analysis of

language than about machine learning and inference. (U)

Implicit in the completion time estimates used as schedule inputs

is a consideration of the use of resources and of the performance
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TABLE 4-2. CRITICAL ACTIVITIES AND NON-CRITICAL
ACTIVITIES WITH SLACK TIMES

SLACK
ITEM CRITICAL PATH ACTIVITIES TIME

1. Formulate Adaptive Correlation Requirements (Phase I) 0

2. Develop Induction Processor 0

3. Integrate System 0

4. Code - Checkout Computer Programs 0

5. Test and Evaluate System 0

NON-CRITICAL ACTIVITIES

1. Develop User Requirements 7/4

2. Establish System Objectives 7/4

3. Develop HAR's and Utilization Guides 11/6

h. Develop Morphemics Analyzer 11/3

5. Develop Syntax Analyzer 2
6. D~e'n-, nr Cr ...R • ... . ;A T) /

7. Develop Sense Analyzer (Phase II) 516

8. Develop Consistncy Analyzer 2

9. Develop Response Generator 8/3

10. Formulate Adaptive Correlation Requirements (Phase II) 29/6

11. Develop Retrieval Processor 19/6

12. Develop Deduction Processor 13/6

13. Develop Statistical Correlation Processor 7/3

l. Perform Input Equipment Analysis and Design 43/12

15. Perform Output Equipment Analysis and Design h3/12

16. Perform Storage Equipment Analysis and Design 11/4

17. Perform Processing Equipment Analysis and Design 7/h

18. Manufacture and Install Equipment 5/6

19. Develop Advanced Programming Techniques 71/24
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characteristics of the system. The question then arises: can resources

F •be re-allboated or performance modified to shorten the critical path

appreciably? (U)

One of the purposes in adopting the design approach of providing a

sequence of systems for fact correlation is tc upgrade system performance

by modest increases in relatively shorter periods of time. This technique

will help to reduce the project development time by permitti'g more realis-

tic assessment and establishment of performance objectives and capability. (U)

Since equipment development is not critical in this p.roject, the

primary resnurces are personnel and computer time. Use of computer time

will be ontimized and probably will not be critical. Re-allocation of

i-cnncl in a research projent. is a complex problem involving personnel

skills, costs versus time saved, and the probability of saving a certain

amount of time by adding a certain number of personnel to a task, Critical

tasks I ariy 2 in Table 4-2 are complex research tasks. For this reason the

variance of completion time estimates is large; moreover the type of prod-

uct that will result cannot be anticipated with much reliability. The

allocation of more man-power to this type of task usually will not lower

completion time significantly. However, the allocation of more man-power

for the fourth critical task, computer programming, may help to reduce

completion time significantly. Completion times for critical tasks .3 and

5 are relatively brief. Although additional man-power applied to these

"tasks might reduce completion times by 10 or 20 percent, the reduction in

t.h Ihnoth of the critical paths is smaller than the accuracy of the time

estimates. Consequently, such re-allocations do not seem worTh considering. (U)
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These remarks are summarized in Table 4-3. Unless the answer to

both of the questions in Colrumns 2 and 3 is, "yes," it is not worthwhile

re-allocating man-power in an attempt to reduce total system development

time. At this time, it appears that computer programming is the only area

where added man-power may reduce development time significantly. It may

also be feasible to begin the prograrming effort before the system integrE.-

tion is completed. This mode of scheduling would also reduce total system

development time considerably. Another consideration in estimating computer

programming time is the match between equipment capabilities and programmed

capability. When functions to be automated have been reduced to algorithms,

the specific computer operations that are necessary can be built into the

equipment or programmed. If more special purpose functions are built into

the equipmt,.'*, the equipment development time is longer, but the program-

ming time is shorter. This match or trade-off must be decided at the

appropriate time in system development. Then, more reliable time estimates

can be mode. (U)

It is appropriate to reiterate that a more detailed task breakdown

and scheduling network may well indi-ate the feasibility of beginning the

computer programming earlier. It may also reveal other areas where devel-

opment time may be reduced, and it could even result in a somewhat different

critical path. The problem remains, however, that completion times and

performance capabilities resulting from complex research task efforts are

difficult to specify. This problem is best handled by the phased devel-

opment of intermediate systems (and capabilities) and the continual updating

of the scheduling network and completion time estimates, Short term
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re-allocation of man-power will be more effective on this basis. (U)

Estimated ma-poie~r requirements for the Fact Correlation Syst.em

are provided in Table 4-4. These estimates are based on the development

of the Fact Correlation System to an ultimate operational capability. The

task breakdown is essentially the same as in Figure h-1. The total number

of years for each task was taken from the most likely completion time

estimate of Table 4-1. In addition, Table 4-4 shows the number of men and

total man-years for each task. This information is also totaled for each

of the five major task areas and for the entire development effort with

the exception of equipment manufacture and installation. Man-power esti-

mates for technical management have also beer included. These estimates

are based upon one technical supervisor for each of the five task areas

for the duratioA, the t+ask. (IT)

D. Personnel Requirements

The types of personnel required for each task area will be discussed

briefly. The personnel requirements for the System Analysis task area are

more closely related to a systems point of view and a talent for system

analysis rather than any particular academic background. For the sake of

balance, this area will probably include personnel with backgrounds in the

natural sciences, mathematics, and the social sciences. Considerable

experience in the analysis of data processing systems is a prerequisite

for personnel in this task area. The Linguistic Transformations task area

will include personnel with backgrounds in linguistics, mathematics, and

logic. The personnel in the Adaptive Learning and Correlation Techniques

area W111 be psycnOlog'istS, mat.1niLU.ULU,•iU,, and 1 J •4i7. f,-, .
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the Computer Programming area will be of two types. Research programmers

for task 1 and programmers for operational and executive programming under

task 2. Personnel for reseawch in advanced programming techniques must

have experience and facility in the general theory of programming and

programming languages. Requirements for operational programmers are less

stringent. Experience and "know-how" in both areas are more important than

a particular academic background except in so far as it is computer

oriented. Personnel for equipment analysis, design, and development will

be electronic engineers. (U)
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This report presents the results of a study of current techniques

and equipment and an evaluation of the required areas of research in

. techniques, computer programming, and equipment necessary for the devel-

opment of an operational Fact Correlation System capable of correlating

intelligence information automatically. This volume of the report sur-

veys the system requirements in general and develops a methodology and

plan for an applied research program. The second volume contains a

detailed review of existing techniques and their applicability to the

system requirements. (U)

In a study of this type it is inovitablo that the definitiveness

and verifiability of the conclusions vary widely. Some are quite ten-

tative; others are firm, verificd by professional knawledge and the

results of related studies. (U)

The conclusions derived from this study are:

1. An extensive continuing system analysis is necessary for the

development of an automated Fact Correlation System. An adequate def-

inition of user requirements and system objectives is essential. (See

Volume 1, Part IIl.) (U)

2. The system must be capable of accepting and analyzing natural

language input sentences automatically. These processes must recognize

well-formed constructions and detect and resolve ambiguities at the levels

of morphology, syntax, semantics, and logical ana racbuai consistency.

The system must also be capable of generating sensible, consistent
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sentences in natural language in response to queries for specific _

information. (See Volume 2, Part III.) (U)

3. Current linguistic transformation teohniques in the areas

of morphology, syntax, and logical consistency are generally adecýuate

or nearly adequate. (See Volume 2, Part If.) (U)

h. Current techniques for linguistic analysis and synthesis and

for ambiguity resolution in the areas of semantics and factual 'orsistency

are in a primitive state. Extensive research will be required in these

areas. (See Volume 2, Part III.) (S)

5. The aystem must be able to organize and structure input

ihformation after automated linguistic transformation in order to derive

explicit and implicit factual relationships. (See Volume 29 Part III.) (U)

6. The system must contain adaptive elements that enable it to

associate similar content, classify information, and select only the

relevant structural, operational, and functional relationships. The

system must be capable of improving its performance with time. (See

Volume 2, Part III.) (U)

7. The system must have the capacity to perform logical deduc-

tions and inductions and, possibly, statistical correlations. (See

Volume 2, Part III.) (U)

8. The system must provide for extensive man-machine interaction.

The system must permit frequent queries from man to machine and form

machine to man. (See Volume 2, Part III.) (U)

SECRET
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9. Current research in neuron networks,, probabilistic solf-

organizing systems, and machines like the perceptron is not applicable

to a Fact Correlation System because:

(a) Such systems begin with no information whatever.

(b) These systems do not have enough rules for self-
organization.

(a) These techniques are not concerned with relating lin-
guistic data but with simulating elementary and
fundamental learning processes.

(See Volume 2, Part III.) (U)

10.. Research in game playing and theorem proving or problem solving

machines is nbuL useful in fa-,t cor-relation excupt for the houristic cow-

cepts involved. Such systems have too many rules. For specific game

situations all the rules are known; in many cases, the strategies and

tactics are also known a priori. Consequently, too much human knowledge

and experience is built into the system for a specific situation instead

of a more general rational methodology for forming associations and rela-

tions among concepts. (See Volume 2, Part III.) (U)

11. The executive control program plays a central role in a Fact

Correlation System because:

(a) The requirement for man-machine exchange of information
during processing.

(b) The exact composition, organization, and sequencing of
subprograms may be unknown prior to execution.

(c) Several tasks may be executed at the same time.

(See Volume 2, Part IV.) (U)
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12. The effectiveness fur fact correlation of various programminq

languages and systems such as list processors and other problem-oriente-ed

languages as well as multiple or para]lel programaing techniques should-

be investigated. (See Volume 2, Part IV.) CU)

13. An input system consisting of keypunched cards entered into

the system through a card reader is an unacceptable bottleneck for a

Fact Correlation System with a high. reception rate of raw input data.

(See Volume 2, Part V.) (U)

14. The following equipment configurations provide a reasonable

balance bo ween inp-b entry time and processing time for a large and

complex Fact Correlation System:

(a) .or a h:Lgn inpu4 vw orun Lwadizq vochine and a Leaast'

64K core storage with disc files as auxiliary storge e.
Processing and storage access times are based upon
the fastest commercial computers presently available,

(b) For lower input rates, one reading machine and 32K coree
storage with magnetic tapes as auxiliary storage.

(c) A second choice for lower input rates is an optical
scanner with 32K core storage and disc files. Total
input entry and processing time for this configuratloon
is larger than for configuration (b).

(See Volume 2, Part V.) (U)

15. At present, text reading machines under development are

hindered by their inability to handle paper at sufficiently high speedse3.

Improvements in the reliability of these devices and in their ability

to read degraded print or handwritten characters can be expected in thee

near future. (See Volume 2, Part V.) (U)
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S16. A parallel random access memory that can retrieve information

in one memory nyole regardless of memory size would be a major equipment t -

breakthrough for a Fact Correlation System. (See Volume 2, Part V.) (U)

17. Microminiature elements, thin films, and -,.ae application of

new physical principles will provide increased equipment capability for

fact correlation at decreased costs. (See Volume 2, Part V.) (U)

18. Other developments in processing and storage equipment will

improve system performance significantly until techniqueti are developed

to a much greater degree thin at present. This development of techniques

is necessary in order to utilize equipment capabilities niore fully. (U)

19. Thie design and developw-ient of -rayter, s best aooompilished

by an evolutionary approach that results in a uequexiu uf opf'raLional

systems of increasing capability until a satisfactory ultimate operational

capability is attained. (See Volume 1, Part IV.) (U)

20. The following tasks will be critical in determining the total

system design and development time:

(a) Formulation of Adaptive Correlation Requirements (Phase
I.)

(b) Development of Induction Processor.

(c) System Integration.

(d) Coding and Checkout of Computer Programs.

(e) System Test and Evaluation.

(See Volume 1, Part IV.) (U)
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21. At present, a reduction in the time required for the completion

of critical tasks by re-allocating man-power is foreseen only for the

coding and checkout of computer programs. No appreciable time can be

saved by increasing the number of personnel performing research in

techniques. (See Volume 1, Part IV.) (C)

CONFIDENTIAL
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VI. BOO•REMDATIONL

Most of these recommendations are implicitly or even explicitly

stated in the conclusions listed in Part V. The following recommenda-

tions provide somewhat more specific information concerning the suggested

over-all approval and specific activities derived from the conclusions. (U)

1. System Planning and An elsi

Adopt an evolutionary apprbach to the design and development of a

Fact Correlation System and maintain an extensive continuing system anal-

ysis activity. This method will result in a sequence of operational sys-

tems of increasing capability until an adequate operational capability is

achieved. In conjunction with this approach, maintain a critical path

schedule to ensure optimal allocation of resources and concentration on

the critical tasks for each operational system. (U)

2. Linguistic Transformations

Develop techniques that will automatically analyze and synthesize

input sentenos, recognize well-formed constructions, and resolve ambi-

guities. These operational processes should include the levels of

morphology, syntax, semantics, and logical and factual consistency. Use

existing techniques or modifications of them to the maximum possible

extent in the areas of morphology, syntax, and logical consistency. Ini-

tiate extensive research to develop new methods for performing semantic

resovi fOtt1a laRibtiAuit or ines o stUn

and resolving factual ambiguities. (U)
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3. Adaptive Learning and Correlation Techniques

Initiate extensive research to develop appropriate deductive and

inductive techniques for the automated processing of linguistically

transformed input sentences in order to correlate their content. The

investigation should include at least the following methods and means

of implementation:

.(a) Classification and association of data.

(b) Relevance of relationships.

Cc) Reinforcement of learnirg.

(d) Data organization and structuring.

(e) Methods of retrieval.

(f) Logic and strategy of man-machine questioning.

(g) Utilization of existing heuristic techniques of machine
learning and adaptation.

(h) Development of new and modified heuristic techniques. (U)

4. Computer Programming

Initiate research to determine the applicability and utility of

existing programming languages and the development of requirements for a

problem-oriented language for fact correlation. Initiate research in

advanced programming techniques such as the dynamic allocation of storage,

multiprogramming, parallel programming, and self-organization among pro-

gramming units or subprograms. Initiate work to determine the specific

....... • . _ ....... - -wk1s+on System executive control program. (U)

SEquipment ,i

Begin an analysis of equipment requirements for a Fact Correlation
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System icith emphasis on an appropriate matching of input equipment with

processing and storage co',ponents based upon estimated aser requirements.

Planning for an initial operational capabiity system should be in ters

of equipment that is currently available or in the late stages of devtL...

opment. This configuration would include microsecond access core storage

and an automatic text reading machine. Whether auxiliary storage will

consist of disc files or magnetic tapeb should be determined from further

study of user requirements and the analysis of equipment configurations.

Research in component requirements per se should emphasize man-machine

communication during processing. The formulation of advance research

requirements depends upon the specific functions needed to perform the

language transformation and adaptive learning tasks. The sole exception

is the recommendation to develop a parallel random access memury Lhait can

retrieve information in a single memory cycle. (U)
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UNCLASSIFIED
DEPARTMENT OF THE AIR FORCE

A[R FORCE RESEARCH LABORATORY (AFMC)
28 AUG 06

MEMORANDUM FOR: HAF/ICIOD
1000 Air Force Pentagon
Washington DC 20330-1000

FROM: AFRL/IF
26 Electronic Parkway
Rome NY 13441-4514

SUBJECT: Mandatory Declassification Review (MDR) Request, Case 05-MDR-053
(Your Memo, dtd 27 Sep 2005, Same Subject)

1. Per your request, I have reviewed and completed the Mandatory Declassification Review
(MDR) of the documents titled Fact Correlation for Intelligence Analysis, Volume 1, Applied
Research Plan and Fact Correlation for Intelligence Analysis, Volume 2, Analysis of Technical
Problems, each dated 15 Dec 62, RADC-TDR-62-461, Vol. I and RADC-TDR-62-461, Vol. II
respectively. Both documents were written by Federal Electronic Corporation of Paramus NJ.

2. Based on my review I concluded the following:

a. A classification change occurred on 31 Dec 1974 as both documents were downgraded
from Secret to Confidential.

b. Major portions of the documents' text are obsolete and describe hardware, systems, and
technologies which are over 43 years old.

c. After reviewing the subject documents it was determined that no parts in either document
should remain CLASSIFIED. The disclosure of the contents of either document is not expected
to cause damage to US national security and there were no reasons why the UNCLASSIFIED
portions should not be released.

3. This review was performed in accordance with Executive Order 12958, as amended and both
documents were DECLASSIFIED: August 25, 2006. Please contact me immediately if you need
further information related to this matter.

DONALD W. HANSON, SES
Director, Information Directorate

2 Atch
1. AD 354604, Vol I (U)
2. AD 354615, Vol 11 (U)

UNCLASSIFIED
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DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)

04 January 2007

MEMORANDUM FOR DTIC-OCQ
ATI'N: Larry Downing
Ft. Belvoir, VA 22060-6218

FROM: AFRIJIFOIP

SUBJECT: Distribution Statement Change

1. The following documents (previously unclassified/limited) have been reviewed
and have been approved for Public Release; Distribution Unlimited:

AD354604, "Fact Correlation for Intelligence Analysis, Volume 1, Applied Research Plan",
RADC-TDR-62-461, Volume 1.

AD354615, "Fact Correlation for Intelligence Analysis, Volume 2, Analysis of Technical
Problems", RADC-TDR-62-461, Volume 2.

2. Please contact the undersigned should you have any questions regarding this
change notification. Thank you for your time and attention to this matter.

fA ate

Information Directorate


